Introduction
Peritoneal dialysis (PD) is an important home-based dialysis modality for patients with end-stage kidney disease (ESKD). It represents 23.5% of all dialysis therapy across Australia and New Zealand and 69% of all home-based therapies [1] . Providing dialysis in the home setting delivers many potential benefits to patients including the engagement in self-care and management, improved employment opportunities and reduced need for travel to dialysis centres [2] . PD provides similar outcomes and possibly a mortality benefit in the early years of dialysis compared with haemodialysis [3, 4] . In addition, it is more cost-effective than satellite haemodialysis and as such delivers numerous flow-on institutional and health system advantages [5, 6] .
The initiation and maintenance of patients on PD requires the timely and skilled insertion of a Tenckhoff catheter (TC). There have been a number of techniques of TC insertion described in the literature including open, laparoscopic, peritoneoscopic and percutaneous methods [7] [8] [9] . Until recently, at our centre, TCs were all inserted laparoscopically by surgeons under general anaesthetic. The optimal insertion method is unknown due to the lack of randomized controlled trials and depends significantly on patient factors, institutional preference and operator experience [10] .
Radiological insertion of TCs under fluoroscopy and ultrasound guidance has been previously described [11] [12] [13] [14] [15] and seems comparable in terms of technical success and complication rates to surgically inserted catheters. It is, however, more likely that the radiological procedure can be performed under local anaesthetic as a day case rather than requiring overnight in-patient stay. The timing of catheter placement is vital in ensuring that dialysis can be initiated when required. Ideally, catheters should be inserted considerably ( preferably at least 2 weeks) prior to use in order to reduce the likelihood of catheter leaks and infections [10] . The radiological technique could allow for more timely insertion of TCs avoiding the need for preoperative anaesthetic assessment, access to an operating theatre and the need for an in-patient admission.
In this study, we aim to report our 1-year experience with radiological TC insertion under fluoroscopy and ultrasound guidance.
Materials and methods
Radiological TC insertion for PD was first introduced at our centre in December 2011. At that time, there were 30 patients on maintenance PD, which accounted for 15% of all patients in our dialysis programme.
Patients were initially selected for radiological catheter insertion if they did not have major cardiovascular or respiratory disease, significant bleeding abnormalities or a requirement for intense anticoagulation. The need to be able to lie supine for at least 1 h was an additional requirement. Patients with major abdominal surgery were initially excluded; however, following early experience with this technique, patients who had previously undergone extraperitoneal surgery were also considered for radiological TC insertion.
The insertion procedures were all coordinated by the PD nursing coordinator. A lone interventional radiologist and radiology fellow performed all procedures.
Patient demographics including age, gender, cause of ESKD and previous abdominal surgery were collected. Outcomes following catheter insertion were obtained including technical success, discharge from hospital on the day of procedure, catheter leaks and migration, time to first use and exit site infection and peritonitis rates.
Technique of TC insertion
The patient was reviewed by the PD nurse coordinator prior to each procedure. The patient's belt line was marked clearly on their skin. Prophylactic antibiotic therapy in the form of cephazolin (1 g intravenously) was administered prior to the procedure.
Informed consent was obtained by the interventional radiologist. The planned insertion site and tunnel and exit site were marked on the skin taking into account the patient's belt line, previous surgical scars, body habitus and the position of the inferior epigastric artery as determined by ultrasound. Conscious sedation with intravenous midazolam and fentanyl was titrated to the patient's needs during the procedure.
After sterile preparation of the target anatomical region, the area was infiltrated with local anaesthetic using 1% lignocaine subcutaneously. A 2-cm incision was made and blunt dissection performed to the rectus sheath. The peritoneum was punctured with a 19-gauge needle using ultrasound guidance. The position was then confirmed fluoroscopically by the injection of non-ionic iodinated contrast. Angiographic catheter/wire combinations were used to reach the rectovesical/rectouterine pouches. A peritoneogram was performed to ensure there were no loculations or adhesions.
The insertion site was serially dilated until a 15-French peel away sheath was inserted into the peritoneal cavity. The PD catheter was tunnelled from the insertion site to the exit site (antegrade direction), pulling the lateral cuff through the subcutaneous tissues. The remaining catheter was then placed into the peritoneum via the peel away sheath, which was then removed. The medial cuff was then advanced to lie immediately above the rectus sheath and then the final position was confirmed with contrast.
Following the procedure, a further 1 g of cephazolin was added to Freeline Solo ™ dialysis bag and flushing of the catheter was performed by the PD nurse coordinator in the radiology suite.
Patients were returned to a Day Procedure Unit ward where the patient was positioned at 45°for 1 h. Observations for haemodynamic state and puncture site were performed every 30 min for 2 h. The patient was discharged home if stable following review by the PD nurse coordinator and a member of medical staff.
Results
A total of 30 TCs were inserted radiologically during the 12-month period of observation. The introduction of this technique at our institution saw a significant growth in the number of patients performing PD, expanding from 30 to a total of 50 prevalent patients (67% growth in total PD patients over a 12-month period). Similarly, the proportion of new dialysis patients commencing PD as their initial dialysis modality improved to 35.8% in 2012, compared with previous levels of 6.0-13.4% in the 4 years prior (Figure 1) .
During the study period, 10 patients were referred for surgical insertion of their catheters under general anaesthetic. The reasons for this included contrast allergy, previous major abdominal surgery and the request for creation of a 'back-up' arteriovenous fistula by the referring renal physician.
Baseline patient demographics are detailed in Table 1 T. Quach et al. Table 2 . Four patients had radiological TC insertion performed during an inpatient admission and were therefore not performed as a day case. Minor bleeding occurred in 2 (6.7%) cases requiring suturing of the exit site. Pain on flushing of the catheter occurred in 6 (20%) patients but this largely resolved going forward with the routine use of laxatives prior to catheter insertion. Catheter migration occurred in 4 (13.3%); however, only one patient required surgical intervention. All other catheter migrations resolved without any intervention.
Outcomes and complications of TC insertion are outlined in
Twenty-four out of 30 (80%) patients remained on peritoneal dialysis at the end of the study period. Four patients were converted to haemodialysis: one for catheter malfunction, two for pleural leaks and one for inability to cope with home-based therapy. One patient underwent a successful kidney transplant and one patient had yet to commence PD by the end of the observation period.
Discussion
The initiation of PD is dependent on the timely insertion of a TC in a safe and reliable manner. Traditional techniques of surgical insertion either as an open or laparoscopic procedure may be associated with significant delays in access to operating theatres and the inherent risks associated with a general anaesthetic. This report demonstrates that the insertion of TC radiologically via a percutaneous approach, under mild sedation and local anaesthetic, has a high technical success rate with few major complications and can be safely performed as a day procedure.
Our cohort of patients was similar to previous reports of this technique in terms of age, gender, cause of ESKD and BMI [11, 14, 15] . A significant proportion of our patients were overweight or obese as defined by BMI criteria. There did not appear to be any major differences in complications in those with higher BMI compared with those with lower BMI.
Technical success was achieved in all patients and compares favourably with catheters inserted surgically and previous reports of this technique [11] [12] [13] [14] [15] . The largest case series of this insertion technique was reported by Moon et al. [14] who performed 134 placements of TC in 114 patients. The authors did not observe any immediate cases of technique failure. Savader et al. [12] reported technical success in 18/19 (95%) cases with one failed attempt in a patient with previous major abdominal surgery and adhesions.
Timing of catheter placement is important to ensure that dialysis initiation is provided safely and appropriately. Catheter leak and infections are potential risks associated with early use of post-insertion and guidelines have suggested waiting for at least 2 weeks post-insertion prior to first use [10] . We did not observe any cases of catheter leakage despite two catheters being used within 10 days due to a clinical need to commence dialysis. This is comparable to previous reports. Moon et al. [14] reported four (3%) cases of catheter leakage that required catheter rest for 1 week.
Exit-site infection and peritonitis are of major concern and can be a cause of early technique failure. This was not observed in any patients in our cohort. Previous reports of this technique similarly show very low rates of infections [11, 12, 14] . Particular attention to sterile techniques and prophylactic intravenous and intra-peritoneal antibiotics were administered to all patients in our cohort.
Early in our programme, there were several episodes of catheter migration. One case required surgical intervention to reposition the catheter, which was successful. This is similar to previous reports of fluoroscopically inserted catheters [14] as well as surgical methods of catheter placement [8] .
Over the 12-month period we have seen significant growth in our peritoneal dialysis programme. Victorian Department of Health recommendations aim for homebased dialysis patients to account for at least 35% of all patients within 6 months of starting dialysis [16] . The improved access to catheter insertion via this technique is likely to have contributed greatly to achieving this target.
There are limitations of a study of this type. It is a cohort study and therefore potentially subject to significant selection and observer bias. Despite this, the experience was very favourable in terms of outcomes and has encouraged us to look at further opportunities in our pre-dialysis population to consider PD as a first option for patients and as a means of promoting home-based dialysis therapies.
Conclusion
Radiological insertion of TC under local anaesthetic with fluoroscopy and ultrasound guidance provides a safe Radiological insertion of Tenckhoff catheters 25 approach to establishing access for PD. There is a high technical success rate with few major complications. It can be performed under light sedation and is suitable to be carried out as a day procedure. It requires fewer resources than traditional surgical insertion techniques. Since the introduction of this technique at our institution we have seen a significant growth in our peritoneal dialysis programme. Further studies into long-term outcomes and complications of this procedure will provide added support for establishing peritoneal access in this manner.
